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Abstract

The National Science Foundation R& Survey is an annual
survey of firnms' research and devel opnent expenditures. The
survey covers 3000 firms reporting positive R&D. This paper
provi des a description of the R& data avail able at the Center
for Econom c Studi es (CES)

The nost basic data series avail able contains the original
survey R&D data. It covers the years 1972-92. The remaining two
series, although derived fromthe original files, specialize in
particular itenms. The Mandatory Series contains required survey
itens for the years 1973-88. Itens reported at firns' discretion
are in the Voluntary Series, which covers the years 1974-89.

Both of the derived series incorporate flags that track quality
of the data. Both also include corrections to the data based on
original hard copy survey evidence stored at CES.

In addition to describing each dataset, we offer suggestions
to researchers wishing to use the R& data in exploring various
econom c issues. W report selected response rates, discuss the
survey design, and provide hints on how to use the data.

Keywor ds: Research and Devel opnent, survey data, survey
met hodol ogy
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| . I ntroduction

Expendi tures of U S. corporations on industrial Research and
Devel opnent (R&D) exceeded $70 billion in 1989.* This anount
represented 3 percent of the performng firns' sales and once
conbined with $31 billion of federal R&D, equalled about 2
percent of 1989 GDP. The inportance of R&D investnents on firm
growt h and conpetitiveness has led to many studies of the effects
of R&D. The National Science Foundation (NSF) R&D data files
avai l abl e at the Center for Economc Studies (CES) of the U S
Bureau of the Census (Census) are the principal source of firm
I evel information on R&D. This paper provides a description of
the R&D data avail able at CES as well as offering suggestions to
researchers wishing to use the data in exploring various economc
I ssues.

CES has supported a | arge anount of research based on these
R&D data. In Giliches (1980, 1986) he presents his research on
firmproductivity and R& expenditures, and his early use of the
firmlevel NSF R& data at Census. O her studies include the
rel ati onship between R&D, total factor productivity, and
t akeovers, by Lichtenberg and Siegel (1990a, 1990b); the R&D
response to inport conpetition by Scherer and Huh (1992); the
wWithin firmR& on productivity by Adans and Jaffe (1994); and

the effect of |everaged buyouts on the propensity to perform R&

! Research and devel opnent incl udes basic and applied
research in the sciences and in engi neering, and design and
devel opnent of prototype products and processes. (NSF, 1992)



by Long and Ravenscraft (1993a, 1993b). These studies have | ed
to ongoing inprovenent in the quality of the data. At the sane
time, interest in other research that uses nore finely structured
gquestions in the R& surveys has risen sharply, and accordingly,
work on inproving the data has recently turned in this direction.

Three major R&D series are held by CES. Al three are
stored as SAS® data sets.? Each consists of data collected from
the Survey of Research and Devel opnent in Industry. The nost
basic series transcribes the R& data held by Census' |ndustry
Division directly into the SAS | anguage and covers the year 1972-
92.%® Henceforth we refer to this as the Transcribed Series. The
remai ning two series, although derived fromthe Transcri bed
files, specialize in particular itenms. The Mandatory Series
contains required survey itens for the years 1973-88. |Itens
reported at firms' discretion are in the Voluntary Series, which
covers the years 1974-89. Both of the derived series incorporate
flags that track data quality. Both also include corrections to
data records based on original "hard copy" survey evidence stored
at CES. The flags are useful since the quality of survey

responses varies wdely. The value of corrections to the records

2SAS® i s the trademark of the SAS Institute.

3The 1972-92 transcribed series' data exists at CES as of
April 1994. Acquisition of the next year's R& data usually
occurs in the spring two years after the year covered by the
survey. For instance, the 1993 R& data will be available in the
spring of 1995.



i s debat abl e, although changes were Iimted to data that were
clearly at odds with hard copy R& forns. Because, judgenent is
involved in overwiting records, we have retained the original
el ectronic data files.

The R&D survey is conducted at the firmlevel and covers
approxi mately 3000 firms reporting positive research dollars.*
To econom ze on scarce survey resources at Census as well as
limt reporting burdens inposed on survey respondents, the data
col l ection occurs on a m xed annual - bi annual basis in the case of
large firns with over $1 mllion in R&D expenditures and every 5-
6 years in the case of firns with less than the $1 mllion
threshold. In light of these aspects of R&D survey design and
ot her dataset anomalies, we offer suggestions to researchers
wi shing to use the R& data in exploring various econom Cc issues.
For exanple, we report response rates, discuss the survey design,
and give hints on howto match the R& firmlevel observations to
the plant |evel production data in the Longitudi nal Research
Dat abase (LRD).

The paper is arranged as follows. Section Il provides an
overvi ew of the survey design of the R& survey. Section I|1]

di scusses the Transcri bed series, which contains all the data in

“Firnms reporting positive R&D are a subset of a nmuch | arger
sanpl e, nost of which report no R&D; the latter set are dropped
fromthe electronic files. However, starting with the 1992 files
CES will obtain all firms in the file including those that report
no R&D expendi tures.



original electronic data files. Section |V describes the

Mandat ory series of required itens and their edit flags. Section
V di scusses the Voluntary Series consisting of applied R& by
product field, total R& by state, and basic research by field of
science and data quality flags. Section VI offers suggestions to

potential users. Section VII concludes.

1. Survey Design

The R&D survey has been conducted annually since 1957. The
nmodern survey largely follows the original design. The design
hel ps NSF neet its |legal obligation to produce aggregate tine
series data on basic and applied R& by industry, and on conpany-
financed versus federally-financed R& by industry. The
structure of the survey al so enphasi zes coverage of the maxi mum
dol l ar value of R&D subject to an upper |limt on the nunber of
firms. At the sane tine, it seeks to limt the amount of
i nformati on requested each year. The survey design, including
t he sanpl e sel ection, the questionnaire design, and the tim ng of
responses to various itens, affects the availability of mcro
data for research in ways that we describe bel ow.

Expendi tures included in the R&D totals are described in the
instructions to the survey. As described in the instructions,

R&D expendi t ures:



"include all costs incurred to support R&D i ncl udi ng
R&D depreci ati on and over head but excluding capital

expenditures. |If you performR& for others on
contract, report the total charged for the work
performed including the profit. Include R& work of
consultants perforned at conpany | ocations. |nclude

R&D performed wi thin conpany on nonFederal contracts.

I nclude in R&D expenditures the full cost of al
R&D performed. Do not net your R&D expenditures by the
anount of royalties received fromeither non-conpany
organi zati ons or conpany units, or credits received for
R&D wor k charged or "sold" to other units of the
reporting conpany or to outside organi zations.

The relevant costs for R&D usually include but are
not limted to the elenents |listed bel ow

1. Wages, salaries, and related costs; materials and
suppl i es consuned (or purchased, if consunption figures
are not available); costs of conputer software used in
R&D activities, utilities...; books and periodicals;
travel costs and professional dues.

2. Property taxes and ot her taxes (except incone taxes)
i ncurred on account of the R&D organi zation or the
facilities which the R&D organi zati on uses; IiInsurance
expense; mai ntenance and repair, including the

mai nt enance of buil di ngs and grounds; depreciation on
bui | di ngs, equi pnent and vehicles; and rentals, if
facilities are | eased.

3. Conpany overhead. Estinmate a fair share of the cost
of any functions which support R& activities....|ltens
normal Iy covered in overhead include the follow ng:
personnel ; accounting; procurenent and inventory...;

ot her services, including legal, public relations; and
salaries and related costs or research executives not
on the payroll of the R&D organization.

Excl ude R&D contracted out and R&D perforned
abroad.... Exclude capital expenditures, royalties
pai d, patent expense, incone taxes, and interest; the
portion of conmpany-held R&D contracts which were
subcontracted to R&D organi zati ons outside the
reporting conpany; and incone fromthe sale of products
manufactured in the R&D organi zation if these were sold
to bonafide custoners. Also exclude the cost of R&D
performed for the conpany by nonconpany organi zations
of any kind....Exclude fell owships, grants, and gifts
to pronote R&D." (NSF, 1989)
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The R&D sanple is chosen froma group of firnms known to
perform federally-financed R&D and in industries with a
concentration of R& activity. New sanples were drawn in 1971
1976, 1981, and 1987. Appendi x 3 provides a detailed description
of the nethods for conpiling the universe fromwhich the 1987
sanple is drawn. NSF (1990) provides a nore detail ed description
of selecting the 1987 sanple. Appendix 2 includes descriptions
of sanple designs for survey years 1976-80 and 1981-86. Changes
over the years have focused on identifying the universe of firns
perform ng R&D, however, the basic sanple sel ection process has
remai ned the sane.®

Since the mandate is one of collecting the nost industry
data fromthe fewest nunber of firns, Census sanples with 100
percent certainty those firns that are principal R&D perforners
in each industry. It is believed that these large firnms or
"4001'" firms, so called fromthe nunber on the survey form
represent 93 percent of R&D expenditures in 1989. Mst '4001'
firms remain in subsequent sanple panels due to their |evel of

R&D expendi tures. Census sanples smaller R& performng firnms or

®> In 1992 the sanpling nethodol ogy for the survey changed.
The sane basic structure exists as described in this section
except now the sanple is reselected every year. Census personnel
are constantly review ng sources of R&D information for conpanies
with over $1 million in R& expenditures. One result of these
efforts is an expanded and up-to-date sanple with nore conpani es
representing firnms outside of manufacturing including for-profit
R&D | abs and conputer software devel opers.
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"4002' firms with progressively | ower probabilities proportionate
to the firms R& expenditures. Snmall firnms usually do not
participate in adjacent panels. Firns with first time R&
expenditures are not added to the sanple as "births" in
intervening years of a sanple, but only in sanpling years. As a
result the survey fails to report new energing R& efforts for
firms not already included in the sanple.?®

The survey design affects the availability of the mcro data
by limting how often firnms are surveyed. Large '4001'" firns are
surveyed annually. Small R&D performing firnms are surveyed only
when a new sanple is drawn. As a result, reported data on smal
R&D performers are limted to three years of CES s R&D dat abases,
1976, 1981 and 1987. In other years, data on '4002' firns are
i nput ed based on the initial value of R& and on the average
i ndustry growth rate.’

Two types of questions exist on the survey forms. Four
mandat ory data itens, donmestic net sales, donestic net
enpl oynment, total R&D, and federally-financed R&D, require firm
response. All firnms, large and snmall, are asked these questions

when surveyed. The voluntary data are collected |less frequently

6 Starting in 1992 the R&D universe will be resanpled every
year. For those firnms reaching the $1 million threshold of R&D
expenditures will be included in the follow ng year's sanple as
"certainties."

'See Long and Ravenscraft (1993b) for a discussion of and
t abl es showi ng the nunber of '4001" and '4002' firns with
reported and i nputed data for 1973-84.
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fromthe large firms. These data include distributions by:
applied R&D by product field,® total R&D by state, basic R&D by
field of science, energy R& by energy sources, and pollution
abatenent R&D by formof pollutant. Table 1 Iists additional
voluntary data itens requested. While the nmandatory questions
have remained in the survey in all years, voluntary questions
have been added and subtracted over the 1972-92 period as shown
in table 1.

As a result of the survey design, the individual firm
records in the electronic files contain varying fractions of
reported data, as opposed to mssing or inputed data. The survey
design determ nes which firns report in a given year and how much
information is asked of that firm Large firns are not required
to respond to voluntary questions.® After 1977, detail ed
voluntary data are only collected in odd nunbered years. Large
firmrecords have detailed voluntary data in odd nunbered years
if they "volunteer” to answer the questions. Small R&D
performers (about 60 percent of all firnms) are mailed a survey

formthat consists entirely of mandatory questions. This inplies

8 Product fields represent end products of firns. These are
grouped in broad categories simlar to 2-digit U S. Standard
I ndustrial Cassification codes (Executive Ofice of the
President, 1987). See NSF (1992) for a conplete list of product
fields.

° The R&D survey's "unit-nonresponse [entire firm not
reporting] rate ranges fromb5 percent to 15 percent. Its item
nonr esponse ranges from 1l percent for certain key variables to 10
percent."” (King and Kornbau, 1994)
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that data observations for small firnms contain few reported data

items. In addition, responses to all questions are contingent on
a survey form having been sent. But we have seen that forns are

only mailed to small firnms when a new sanple is drawn. |n other

years their data are inputed.

For all these reasons we tend to see relatively few
observations containing a lot of detailed R& dat a.

Nevert hel ess, sections IV and V of this paper show that the
majority of large firns' observations do contain sone reported
data. Therefore, researchers w shing to undertake a m crodata
anal ysis of |large R& perfornmers, generally firnms with over $1
mllion! in R&D spendi ng, should be able to carry out their
research.

After data collection is conplete, the industry series
statistics are derived through wei ghted aggregation of the
individual firmdata in the sanple by primary industry of the
firms, using the inverse of the sanpling probability as
wei ghts. ! These final statistics are sent to NSF for their

approval and publication.

0 The threshold in R& expenditures for certainty firns
prior to 1981 sanple was $500, 000.

M Primary industry of the firmis defined by the |argest
value of the firms sales, enploynent, or payroll, depending on
the year, anong all industries where it maintains a presence.
See appendices 2 and 3 for a discussion of firns' industry
assi gnnments across various sanpl es.

9



[11. The Transcri bed Series of R&D Fil es

The nost basic R& files at CES are transcriptions of the
mai nfranme files held by Census' Industry Division into SAS®
dat asets. The mainfranme files are the sane files that Census and
NSF use to construct the tine series of R& by industry descri bed
in section I1.' The Transcribed Series spans the period 1972-92
at this time. The series is entitled RD72. SSDO1-RD92. SSD01. Al
itens in the transcribed files are |abelled so that users can
di splay detailed contents of the files by sinply running PROCC
CONTENTS in SAS® The sane is true for the files described in
sections IV and V bel ow.

The data itens in the Transcribed files come directly from
the survey form Recall that a formthat consists of nmandatory
items is issued to small firnms in survey years. The short survey
formis sent to large firns in even nunbered years (since 1977).
In other years a long formis issued to large firnms: annually
from 1972 t hrough 1977, and in odd nunbered years since 1977.

The variables in the transcribed files match those on the
long formthrough 1977. After 1977, they match the variables on
the short formin even years and on the long formin odd years.
To clarify the array of itenms in the various years of the R&

survey a facsimle of the short and long forns are included in

2The Transcribed Series is the result of work by Steve
Andrews and SuZanne Peck at CES.
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appendi x 5. These forns have changed very little since their
initial design. Table 1 provides a sinplified outline of the
file contents. Appendix 1 provides definitions of basic
variables. As seen in the table variables have been added and
del et ed over the years.

| nput ati on and | ast-year-reported flags al so appear in the
transcribed files from1983 to present. The inputation flags
show an 'R for reported data or an 'I' for Census inputed data.
The Mandatory Series as discussed in section |V provides
inputation flags for selected variables for 1973 to 1984. The
survey design only calls for inputation of nandatory itens in al
years. The voluntary itens are not inputed at all or are inputed
only if prior year reported data exists. NSF has decreased the
i nputation of data itens over the years. Tables in the R&
publications contain variable inputation rates. The |ast-year-
reported flags indicate the last year a firmresponded to a
particul ar question.

The firmIDs in the transcribed files differ in formfrom
those in the Mandatory and Voluntary series. The firm|Ds
identify firmownership. Under the Census nunbering system
mul ti-establishment firnms are assigned 10 digit IDs that consi st
of a unique 6 digit al pha nunber, beginning with 1 or higher,
followed by 4 arbitrary digits. |In the transcribed files these

final 4 digits vary across years for the sane firm |In the other

11



series these 4-digits are the sane across years. This poses a
pr obl em when mat chi ng observati ons across years.

Anot her feature unique to the transcribed files is that they
sonetines contain nmultiple records for one firm The other data
series have summari zed the data to the conpany |evel (by al pha).
The multiple records cone fromsone firnms submtting nultiple R&D
survey forns for their different divisions. Firns may chose to
submt their data on one or nore fornms. Sone years nay even
contain division records and a conpany sumrary record. A conpany
summary record I D generally ends in '"0000'. Users of the
transcribed files have to address these problens of varying final
four digits of the ID and nultiple reports for one firm

presumably in a simlar fashion to the derived files.

| V. The Mandatory Series of R& Files

This is a brief discussion of a series of files that
concentrate on mandatory itens in the R& survey. Table 2 lists
the contents of these files, which cover the period 1973-88, and
are entitled FLAG/3. SSDO1- FLAG38. SSDO1 (hereafter the FLAG
files). The FLAG files contain data anended by edit checks with
the original hard copy questionnaires. |In addition, they contain
imputation flags for years 1973-84 and flags that indicate the
availability of firmresponses. The data cover three nmandatorily
reported data itens: donmestic net sales, donestic net

12



enpl oynent, and total R&D expenditures. This section highlights
the variables one may use fromthese files. Long and Ravenscraft
(1993b) include detailed description of the generation of the
variables listed in table 2.

One useful variable is SURCODE which indicates the
availability of reported data for a firmin a given year. This
variable equals "1 if the firmis a '4001' conpany, a |large R&
perform ng conpany, and equals '2' if the firmis a small '4002
conpany. Recall fromour earlier discussion that '4001" firns
are surveyed every year regarding mandatory R&D data and sel ected
voluntary questions, and every other year concerning their
voluntary data (since 1977). Also recall that the '4002" firns
are only surveyed in new sanple years (1971, 1976, 1981, and
1987). Wien selecting a year of interest the SURCODE provides an
i ndi cator of data availability for large and small firns.

Anot her very useful feature of the FLAGfiles is the inpute
flags for total R& (FTORD), donestic net sales (FTOSLS), and
donestic net enploynent (FTCEMP) from 1973-88. Prior to 1983
these are the only inpute flags that exist for these vari ables.
Flags exist in the transcribed files from 1983 to present.

The edits and inputation flags contained in the FLAG files
are essential to future work that uses the R&D data. Table 3
uses the information in the FLAGfiles to report counts of the
average nunber of firnms per year, the average nunmber of firns
wi t hout inputes of mandatory data per year, and the average

13



nunber of l|arge '4001' firnms year by varying |ength of panel.

The I ast col um shows an upper bound on the nunber responding to
voluntary questions in the survey. Fromthe row for statistics
on '4001" firnms the table shows that about half of the 2900 firns
surveyed in any given year received survey forns with voluntary
data itens. For research this is inportant because these are the
| argest R&D concerns in the sanple.

Tabl e 4 shows the nunber of firm observations available if a
bal anced panel is desired. For the years 1972 to 1988 there are
586 firnms with continuous data. This nunber drops to 154 if al
firmse with inputed mandatory data are deleted. Simlarly, the
nunber of '4001" |arge conpani es avail able across 1972 to 1988 is
402. This nunber also represents an upper |imt on the nunber of
firme with voluntary data reported over tinme. There are 280
large firmse with at nost one year of inputed data. When
consi dering research using a bal anced panel researchers should
refer to table 4.

The firm 1D nunber in the FLAGfiles is easier to use than
the firmIDin the Transcribed files. The FLAGfiles inpose a
uni form nunbering systemover tinme by adding 4 zeroes to the 6
digit nmulti-establishnment al pha nunbers in all years. Owing to
this uniform system matching establishnments over tinme is easier
to do using the IDs in the FLAGfiles, since the nulti-

establishment IDs stay the sane in all years as long as the firm

14



i s under the sanme ownership.

Single establishnent firmIDs remain unchanged. The IDs for
1972 and 1973 are exceptions. In these years, the final 2 digits
of the ID were truncated in the transcribed files which destroys
t he uni queness of the I D nunber for single establishnment firns.
The truncation requires the use of adjacent year firm
informati on, such as total enploynent and total net sales, to
once nore identify the firnms.'* This truncation problem does not

af fect the uniqueness of the nmulti-establishnment firmlDs.

V. The Voluntary Series of R& Files

The final series of R&D data enphasi zes the distributions of
applied R&D by product field, total R& by state, and basic
research by field of science.' The data are stored as SAS files
named ULTRD74. SSDO1- ULTRD89. SSDO1 (hereafter the ULTRD files).
The years covered are 1974-77, and odd nunbered years thereafter.

FirmID nunbers in the ULTRD files are of the sane structure as

B3 W followed exactly this systemin creating the series of
vol untary data, ULTRD74.SSDO1- ULTRD89. SSDO1. Thus, the two
edited series are readily conbi ned.

¥ Few firmnanes and no firm addresses appear in the
transcribed files for 1972 and 1973.

5 The Voluntary Series was created by Janes D. Adans with
t he assi stance of Jennifer P. Cuppy.
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those in the FLAG files and may be nmatched easily with those in
the FLAG files.

The voluntary data in the ULTRD files were checked for
errors using hard copy responses of firnms and corrected in
flagrantly erroneous cases. In addition to these anendnents, the
files include data quality flags for the voluntary data, which we
discuss later in this section. W use the flags to quantify
degrees of response to the voluntary questions.

We di scuss the contents of the files in terns of broad
categories, since roughly 150 variables are involved. The
vari ables are electronically labeled in the files. Table 5
contains a list of all the variables in the ULTRD fil es.

Most vari abl es described in the tables are the sane as those
intranscribed files except for the set of data quality fl ags,
which are unique to the ULTRD files. Table 6 is a briefing table
on the flags and their codes.' Al flags are 0-1 dummy
variables. In the case of response flags listed at the top of
the table (I TRD, I GECG |BASIC, | APPLIED) a value of 1 neans that
sonme kind of response, whether real or inputed, appeared for a
given R&D distribution, whereas a value of 0 neans that there was

no response. In this case, a value of 1 neans a favorable val ue.

6 Flags are missing in 1981 because the 1981 survey forns
fromwhich they are derived were destroyed. The foll ow ng
vari abl es are unavailable in the 1981 ULTRD files: TFLAG GFLAG
BFLAG TFLAGA, AFLAGA, BFLAGA, LFLAG PRFLAG COFLAG CFFLAG

16



In all other cases a value of 1 is an unfavorable val ue,
since it neans that the data are lacking in sone fashion. |In al
of these cases in table 6, a value of 1 neans that the data are
i nputed, discrepant in terns of adding up, or else that a given
R&D total is not distributed conpletely anong its conponents.

Tables 7 and 8 provide statistics generated fromuse of the
flags. Table 7 counts the nunber of responses, whether real or
i nputed, to questions concerning the distribution of basic
research anong the sciences, of applied R& anong product fields
and of distribution of R& by state. It does so by summ ng the
nunber of cases for which IBASIC, |APPLIED an | GEOCG equal 1. W
see that the nunber of basic research responses ranges usually
from 200-300 but that a low point is reached in 1987. Likew se
we see that the nunber of applied R& responses typically varies
from 700-1100, but that a mninmnumis again reached in 1987, when
only 500 firnms provided i nformation about the distribution of
their applied R&D. We see the nunber of firns distributing data
by state goes from 470-2451 with npbst years around 1000
observations. Notice that the tendency towards declining
response is reversed in 1989 for both basic and applied research.

In table 8 we extend the analysis of applied R&D by
constructing two flags fromthe information of the flags |isted
in table 6. ARESP equals 1 if there is a response where | APPLI ED
equals 1, and if the data are not inputed where AFLAG equal s O.
AQUAL is nore stringent than ARESP. It equals 1 if ARESP equal s

17



1 and if applied R& by product field suns to a nunber that is
close to total applied R& where AWDE equals 0; it equals O

ot herwi se. Table 8 reports response rates in colums 2 and 4 with
the nunerators and denom nators of the response rates in colunmms
3 and 5. The nunerator is the nunber respondi ng and the

denom nator is the total nunber of |arge '4001' firns as

i ndi cated by the surcode. The second nunber bounds the nunber of
respondents, since this is the total nunber of firnms receiving
the long formwhich asks firnms to distribute R& by applied
product field.

Fromcolums 2 and 4 in table 8 we see that ARESP is indeed
| ess stringent than AQUAL. W find evidence in the table of
declining response, so that by 1987 only a fourth of the firns
really answered the voluntary questions about the distribution of
appl i ed R&D anong product fields.

Tables 7 and 8 show how the flags listed in table 6 can be
used to choose observations of good quality fromthe voluntary
data. Tables 9 and 10 apply the exercise carried out in table 8
to the distributions of basic R& by field of science and the
distribution of total R& by state. The tine pattern of the
findings here are broadly simlar to table 8; response rates
decline sharply through 1987, recovering sonewhat in 1989. As
one woul d expect, however, the rate of response to basic research
guestions as in table 9 is quite low, reflecting the nmeager
i nvol venent of industry in this area of research. The response
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rate to geographically distributed R&D as in table 10 is
general ly higher than the applied R& response rate, perhaps
because the whereabouts of R&D are nore easily known to

respondents.

VI. Some Suggestions for Using the Census R&D Data

In this section we offer a few suggestions for using the
data. W begin with suggestions for using the R& data proper,
and conclude with suggestions for nerging the R&D with other data
sour ces.

When considering a research project with the R& data a
maj or consideration is the availability and quality of the data.
The R&D publications from NSF prove useful in assessing the data.
Many tables in the publications contain one or both of the
foll ow ng synbol s:

"(D), which is used to indicate data withheld to avoid
possi bl e di scl osure of information about operations of
i ndi vi dual conpanies. This occurs when a small nunber
of conpani es, usually one or two, accounts for a |arge
percentage of the R&D funds or of scientists and
engineers in a particular data cell. Publication of
data showi ng Federal R&D support to conpanies in R&D
performng industries is nost often affected by this
rul e; and,

(S), which is used to indicate that the inputation
rate--the percentage of the statistic estimted by
Census staff--exceeds 50 percent. This neans
respondents failed to provide data for that itemon the
questionnaire." (NSF, 1989)
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A'D or 'S in a table indicates a | ack of or poor data for
t hose vari ables. \When considering a research topic a researcher
coul d possibly have difficulty in passing the Census' data
di scl osure or data quality restrictions if the research is based
on variables with many omtted entries in published tables.

Anot her point to keep in mnd is that the transcribed files
and the derived files use slightly different firmID nunbers. W
have expl ained how the IDs differ in sections III, IV, and V. W
recomrend that the IDs of nmulti-establishnment firns in the
transcribed files be rendered conpatible to the IDs in the
derived series by (1), issuing a SAS ATTRI B st atenent that
defines the corrected IDs to have length 10, and their type to be
character; (2) using the SAS SUBSTR command to select the first 6

digits of the old IDs of nulti-establishnent firnms, nanely the

al pha nunber; and (3) using the concatenation operator || to
append 4 zeroes. |Ds of single establishnments should remain
unchanged.

W now turn to the subject of nerging the R& data with the
other data available at CES. The first is the nerge of R&D data
with the LRD production data. |In carrying out such a nmerger it
is useful to renmenber that the R&D data are firmleve
observations, while the LRD are plant |evel observations. The
mat ch for nmulti-establishnment firns is done on the six-digit
al pha nunbers. For single units the match nust be done with the
ten-digit |ID nunber.
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One difficulty in performng this match is that the firmID
nunbers in the LRD are annual ly updated to reflect ownership
changes, while the R&D firm I D nunbers remain the sane over the
sanple period. This nmeans that the user should keep track of
nonmat ches, noting when they occur, which may signify an
owner shi p change recorded in the LRD. It is a good practice in
carrying out the detection of nonmatches to maintain separately
named I Ds fromeach of the two data bases. A third commonly naned
| D can then be used in the matching process itself. This
practice prevents the overwiting of either ID. Once the
nonmat ches are detected the longitudinal SAS file entitled
LONGESTB. SSD01 can be used to construct a file of ID changes, so
t hat nonmat ches can be retrieved, thereby expanding the set of
mat ches. '

Long and Ravenscraft (1993c) discuss matchi ng the R&D data
to the Quarterly Financial Report (QFR) data. The QFRis a
survey of firms about their "inconme and retained earnings,
bal ance sheets, and related financial and operating ratios for
all manufacturing, mning and trade corporations” (U S. Bureau
of the Census, 1994). The firmidentifier nunbers are not the

sane for the QFR and R&D datasets so they cannot be used to

7 James Adans found that the volune of nonmatches is |ow.
He suggests tracking down only the large firnms in the nonmatch
file. Work progresses at CES on creating a database of ownership
changes over tine.
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match. Long and Ravenscraft use firmnane to |link the two dat abases.
A second firmlevel dataset of interest is the "Large
Conmpany" file which is collected under the "Enterprise
Statistics" program?®® This file contains survey data on firns
wi th 500 or nore enployees. The data itens include firmlevel
capital expenditures, total enploynent and adverti sing
expenditures. For 1992 the survey includes for the first tine a
guestion about total R&D expenditures by the firm Linking of
the two datasets may be perforned as with the LRD by al pha for
mul ti-establishnent conpanies and by the ID for single
est abl i shment conpani es.
A source of additional R&D expenditure infornmation avail able
at Census is the Auxiliary Establishnment data.'® These data
i nclude statistics on establishnents that provide a service to
one or nore production establishnments. Anong the list of
auxiliary types is research and devel opnent | abs. Appendix 6

i ncl udes a conparison of the two sets of R&D expenditures.

VI1. Concl usion

8 For description of the |large conpany data see U.S. Bureau
of the Census (1990b).

% For a description of the auxiliary data see U S. Bureau
of the Census (1990a).
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Thi s paper described a new resource for the anal ysis of
techni cal change, the Census-NSF | ongitudi nal R&D dat abase. It
has been the result of many years' work by many individual s at
U S Bureau of the Census and el sewhere, but we believe that the
new data product will yield valuable research findings concerning
the nature of learning in industry that will anply repay the
investnents inits initial creation. W welconme comments and
suggestions for inprovenent to the R&D database or to this

docunent ati on.
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TABLE 1

Contents of the Transcri bed Seri es,
RD72. SSD0O1- RD92. SSD01

[tem
Mandat ory Dat a:
L2Total R&D

L2Domestic Net Sal es,
L2Domesti c Net Enpl oynent
Feder al - Fi nanced R&D

Vol untary Data:

Conpany- Fi nanced R&D

’Di stribution of total R&D
bet ween basi c research
applied research, and
devel opnent

Nunmber of scientists and
engi neers

Di stribution of energy R&D
by aggregate fuel type

Total pollution abatenent R&D

Anmount of R&D outsourced to
foreign firnms

’Di stribution of R&D costs
bet ween wages of research
scientists, other |abor
and materials costs

’Di stribution of R&D by state

’Di stribution of basic
research by field of
sci ence

’Di stribution of applied R&D
by product field

Di stribution of pollution
abat enent R&D by form of

pol [ ution
Di stribution of energy R&D
by fuel type

Amount of R&D outsourced to
ot her donestic firns
Foreign R&D by Country
2Gestation Lag on R&D
’Product versus Process R&D
Requi red by Regul ation

Y'I'n Mandatory Series
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Years Avail abl e

All

All

1972-77, odd nunbered
years thereafter

1993, odd nunbered years
1977 to 1987 in odd
nunbered years

1979, 1981, 1983



Table 2
Contents of the Mandatory R&D Seri es

Vari abl e Nane in File

total research & devel opnent tord

inpute flag for tord ftord

total enpl oynment t oenp

inpute flag for toenp ftoenp

total donestic net sales tosls

inpute flag for tosls ftosls

conpany nane conpany

sur code-survey code rec (=1 if "4001" firm

=2 if '4002' firm
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Table 3
Mandatory Itens in the R& Survey:
Annual Sanple Sizes by Length of Panel

Sel ecti on Year s Year s Year s Year s
Criterion 1972- 88 1974- 88 1976- 88 1978- 88
Al Firnms
N year 2851 2942 2926 2914
Year s 17 15 13 11
No i nputes
N Year 1437 1386 1470 1490
Year s 162 15 13 11
4001 Firns
(Large
Conpani es)
N Year 1178 1194 1236 1305
Year s 17 15 13 11

Notes: # Since inpute flags begin in 1973,

panel is 1973-88, or 16 years.

t he Mandatory Data Seri es.
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Year s

1980- 88

2910

1587

1330

the length of this
This table was derived from



Table 4
Mandatory Itens in the R& Survey:
Total Sanple Size by Length of Panel
for Bal anced Panel

Sel ecti on Year s Year s Year s Year s Year s
Criterion 1972-88 1974- 88 1976- 88 1978- 88 1980- 88

Al Firns
N year 586 820 860 897 910
Year s 17 15 13 11 9
No i nputes
N Year 154 169 213 272 329
Year s 162 15 13 11 9
4001 Firns
(Large
Conpani es)
N Year 402 413 455 617 637
Year s 17 15 13 11 9
At nost 1
i nput e
N Year 280 323 395 454 513
Year s 162 15 13 11 9

Notes: # Since inpute flags begin in 1973, the length of this
panel is 1973-88, or 16 years. This table was derived from
t he Mandatory Data Seri es.
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Table 5
Princi pal Contents of the Voluntary R&D Seri es

Description of Variable G oup

distribution of total R& by state (breakdown is 50 states
+ District of Colunbia in all years)

distribution of applied R& by product field (breakdown is
32 fields before 1985, 34 fields from 1985 to 1993, 37
fields from 1993 on)?

distribution of basic research by field of science
breakdown is 11 fields before 1985, 12 fields from
1985 on)®

flags for any response, whether real or inputed, to
individual itenms in total, geographic, applied
products, and basic research distributions of R&
(I'TRD, I GEQG | APPLI ED, 1BASIC)

flags for inputation of any of the individual itens in
total, geographic, applied products, and basic research
di stributions of R& (TFLAG GFLAG AFLAG BFLAG ¢

flags for inmputation of total, applied, and basic R&D
(TFLAGA, AFLAGA, BFLAGA) ¢ ¢

flags for major discrepancies between the sumof the
conponents within total, geographic, applied, and basic
R&D di stributions and their totals (TWDE, GWN DE,
AW DE, BW DE)

flags for 25% of totals not allocated to geographic,
applied, and basic R&D distributions (GEONAL, APPNAl, and
BASNA1)

flags for 50% of totals not allocated to geographic,

applied, and basic R&D distributions (GEONA2, APPNA2, and
BASNA2)
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Table 5 (cont)
Princi pal Contents of the Voluntary R&D Seri es

Description of Variable G oup

dol I ar anpbunts not distributed anong geographic, applied
product, and basic R&D conponents ( GEONDT, APPNDT
BASNDT)

flags for inputation of R&D gestation |ags, process vs.
product R&D, R&D cost itens, conpany financed vs.
federal R&D (LFLAG PRFLAG COFLAG CFFLAQG) ®

appl i ed R&D, basic R&D (ARDT, BT)

mandatory data itens (total R&D, donestic net sales, donestic
net enploynment) from both Transcribed Series (RDT, DNS,
DNE) and the Mandatory Series (TORD, TOSLS, TOEMP)

m scel | aneous identifiers (edited 10 digit conpany id, 6
digit nmulti-establishnment al pha nunber, original 10
digit conpany id, year, surcode)

Notes: # In 1985 applied R& in electrical conponents and
communi cati ons equi pnent was broken up into two separate
parts. Applied R& in optical instruments and in scientific
instrunments also split into tw parts. [In 1993, |unber and
wood products, paper and allied products |eather and software
were broken out, and m ssiles and space vehicles were

conbi ned.

b NSF added basic research in conputer science in 1985.

¢ These flags are mssing in 1981 because the 1981 survey
forms fromwhich they are derived were destroyed. The flags
wer e done by hand before 1983, but conputerized from 1983
onwar ds.

¢ Available from 1983 to the present.
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Tabl e 6

Coding of Data Quality Flags in the Voluntary Series

Type of Fl ag

flags for real or

i nput ed response to
itens in various R&D
di stributions

flags for inputation
of itens in various
R&D di stri buti ons?

flags for inputation
of total, applied,
and basic R&D*°

flags for discrepan-
ci es between sum of
conponents within
R&D di stri buti ons
and totals

flags for 25% of
totals not allocated
to various R&D

di stributions

flags for 50% of
totals not allocated
to various R&D

di stributions

Fl ag Nanes
| TRD, | GEOG, | BASIC
| APPLI ED

TFLAG, GFLAG AFLAG
BFLAG

TFLAGA, AFLAGA,
BFLAGA

TW DE, GWDE, AW DE
BW DE

GEONAL1, APPNA1, and

BASNA1

GEONA2, APPNA2, and
BASNA2

Codi ng

1if a response to
any, 0 if no
response

1if any itens are
imputed, O if none
are inputed

1if any itens are
imputed, O if none
are inputed

1if sumdiffered by
a certain percent
fromthe total
(usually 10%, or by
a dol I ar anpunt
(often 1 mll. $), O
ot herw se

1if 25% or
allocated, O
ot herw se

nmor e not

1if 50% or
allocated, O
ot herw se

nmor e not

Not es:
1983.

2 Not available in 1981. " Available beginning in
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Table 7
Nunmber of Real or |nputed Responses to Basic Research,
Applied Product Field, and Distributed by State
Questions in the R&D Survey
1974-89: Counts of IBASIC, |APPLIED, |GECG

Year Basi c Applied Distributed
Resear ch Product Field by State
(1 BASI C) (1 APPLI ED) (1 GEOG)
1974 273 1060 952
1975 245 902 1100
1976 235 906 900
1977 258 1043 1255
1979 266 1079 1221
1981 235 955 930
1983 219 766 470
1985 254 655 2451
1987 173 477 918
1989 311 792 1421
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1974

1975

1976

1977

1979

1983

1985

1987

1989

Not es: Tot al

Table 8
True Percents Responding to
Appl i ed Product Field Questions, by year

1974- 89
ARESP AQUAL

Per cent Nunber out Per cent Nunber out

Respondi ng of the total Respondi ng the total

81.9 865 out of 80. 4 849 out of
1056 1056

75.6 638 out of 56. 3 475 out of
844 844

76. 2 700 out of 75.7 696 out of
919 919

72.9 628 out of 72.6 626 out of
862 862

58.6 710 out of 57.7 699 out of
1211 1211

42.3 558 out of 41. 1 453 out of
1320 1320

43. 8 592 out of 43. 8 592 out of
1352 1352

24.5 420 out of 24. 4 419 out of
1714 1714

46. 2 746 out of 43. 3 698 out of
1613 1613

equals all "4001" firnms. ARESP equals 1 if

there is a response to the applied product field question and
if the data are not inputed; it equals O otherw se. AQUAL
equals 1 if ARESP equals 1 and if the applied product field
data add to total applied R&D

33



1974

1975

1976

1977

1979

1983

1985

1987

1989

Not es: Tot al

Table 9
True Percents Responding to
Basi ¢ Research Questions, by year

1974- 89
BRESP BQUAL

Per cent Nunber out Per cent Nunber out

Respondi ng of the total Respondi ng the total

21.9 231 out of 21.3 225 out of
1056 1056

21. 4 181 out of 15.5 131 out of
844 844

19.2 176 out of 19.2 176 out of
919 919

19.4 167 out of 19.4 167 out of
862 862

15. 4 186 out of 14. 9 180 out of
1211 1211

11.6 153 out of 9.8 129 out of
1320 1320

10. 2 138 out of 10. 2 138 out of
1352 1352

5.5 94 out of 5.5 94 out of
1714 1714

11.5 185 out of 11.1 179 out of
1613 1613

equals all "4001' firnms. BRESP equals 1 if

there is a response to the basic research questions and if
the data are not inputed; it equals O otherw se. BQUAL equal s
1 if BRESP equals 1 and if the basic research data can be

all ocated and add to total applied R&D.
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1974

1975

1976

1977

1979

1983

1985

1987

1989

Not es: Tot al

Tabl e 10
True Percents Responding to
Ceogr aphi ¢ R&D Questions, by year

1974- 89
GRESP GQUAL

Per cent Nunber out Per cent Nunber out

Respondi ng of the total Respondi ng the total

72. 4 765 out of 69. 3 732 out of
1056 1056

71.0 599 out of 68.0 574 out of
844 844

77.1 709 out of 75.0 689 out of
919 919

78. 1 673 out of 75.8 653 out of
862 862

75. 4 913 out of 72.6 879 out of
1211 1211

27.1 358 out of 25. 4 335 out of
1320 1320

46. 7 631 out of 45. 2 611 out of
1352 1352

25.6 439 out of 25.0 429 out of
1714 1714

49. 3 796 out of 46. 7 754 out of
1613 1613

equals all "4001" firms. GRESP equals 1 if

there is a response to the geographic R& questions and if
the data are not inputed; it equals O otherw se. GQUAL equal s
1 if GRESP equals 1 and if the geographic data can be

all ocated and add to total R&D
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APPENDI X 1
Survey Definitions

[ Excerpt from NSF(1989).]

Research and devel opnent --Basi ¢c and applied research in the
sci ences and engi neering and the design and devel opnent of
prot otypes and processes. This definition excludes quality
control, routine product testing, narket research, sales
pronotion, sales service, research in the social sciences or
psychol ogy, and ot her nontechnol ogical activities or routine
t echni cal services.

Basi c research--Original investigations for the advancenent of
scientific know edge not having specific i medi ate comrerci al
obj ectives, although such investigations may be in fields of
present or potential interest to the reporting conpany.

Appl i ed research--Investigations directed to the discovery of new
scientific know edge having specific commercial objectives with
respect to products or processes. This definition differs from
that of basic research chiefly in terns of the objectives of the
reporting conpany.

Devel opnent - - Techni cal activities of a nonroutine nature
concerned with translating research findings or other scientific
know edge into products or processes. Not included are routine
techni cal services to custonmers or other activities excluded from
the foregoing definition of R&D

Funds for research and devel opnent -- Qperati ng expenses incurred
by a conpany in the conduct of R&D in its own | aboratories or

ot her conpany-owned or -operated facilities. These expenses

i ncl ude wages and salaries, materials and supplies consuned,
property and other taxes, maintenance and repairs, depreciation,
and an appropri ate share of overhead, but exclude capital
expendi t ur es.

Conmpany-fi nanced research and devel opnent - - Cost of conpany-
sponsored R&D actually performed within the conpany. These data
therefore do not include the cost of R&D supported by conpanies
but contracted to outside organi zations, such as research
institutions, universities and coll eges, nonprofit organizations,
or (to avoid doubl e-counting) other conpanies. Since it is a
survey of R&D perforners, industrial firns than undertake R&D
supported by ot her conpani es, however, do report the funds
received in paynment for the R& work the perform These nonies
are classified under the industries of the perform ng conpani es.
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Federal |y financed research and devel opnent -- Recei pts for work
done by the conpany on Federal R&D contracts or subcontracts and
R&D portions of procurenent contracts and subcontracts.

Federal |y funded research and devel opnent centers (FFRDCs) - -
Organi zati ons adm ni stered by industrial, educational, or other
institutions on a nonprofit basis; they conduct R&D al npost
exclusively for use by the Federal Governnent. R&D expenditures
of industry-adm nistered FFRDCs are included in data show ng
Federal R&D support to industry under the industry
classifications of the admnistering firns.

R&D sci entists and engi neers--The January nunber of those engaged
full time in R&D and the full-tine-equivalent (FTE) of those
working part tine in R&D. Scientists and engi neers are defined
as persons engaged in scientific or engineering work at a | evel
that requires know edge of physical, life, engineering, or

mat hemati cal science equivalent at |least to that acquired through
conpletion of a 4-year college programwth a najor in one of

t hose fields.

Enmpl oynent - - Tot al nunber of persons donestically enployed by R&D-
perform ng conpanies in all activities during the pay period that
i ncludes the 12th of March. These data are not conpletely
conparable with the data on R&D scientists and engi neers
described in the foregoing paragraph because the earlier data
were collected in January of each year

Net sal es and recei pts--Recorded doll ar val ues for goods sold or
servi ces rendered by R&D perform ng conpanies to custoners
(outside the conpany), including the Federal Governnent, |ess
such itens as returns, allowances, freight, charges, and excise
taxes. Donestic intraconpany transfers and sales by foreign
subsidiaries are excluded, but transfers to foreign subsidiaries
and export sales to foreign conpanies are included.

Geographi c area covered--Includes those operations located in the
50 States and the District of Colunbia. Conpany-sponsored R&D
performed outside the United States by foreign subsidiaries of

U. S. donestic conpanies is reported as one total.?

' This is true for all years up to 1993. In the 1993 survey
conpani es are asked to breakout their R&D perfornmed overseas by
country.
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I ndustry cl assification--Census Bureau staff assigned a conpany-
| evel Standard Industrial Classification (SIC)2 code to each
conpany. For nulti-establishnment conpanies, single SIC codes--
representing the nost dom nant economc activity (in ternms of
total payroll)--were assigned. Data for the follow ng industry
groupings [wWwth SIC code(s) shown in parentheses] are published
in this report:

Food and tobacco (20, 21)3
Textil es and apparel (22, 23)
Lunber, wood products, and furniture (24, 25)
Paper and al lied products (26)
Chem cals and allied products (28)
| ndustrial chemicals (281-82, 286)*
Drugs and nedi ci nes (283)
QO her chemicals (284-85, 287-89)°
Petrol eumrefining (29)
Stone, clay, and glass products (32)
Primary netals (33)
Ferrous netals and products (331-32, 3398-99)
Nonf errous netals and products (333-36)
Fabricated netal products (34)
Machi nery (35)
O fice, conputing, and accounting nmachi nes (357)
O her machi nery, except electrical (351-56, 358-59)
El ectrical equipnment (36)
Radi o and TV receiving equi pnment (365)
Conmmuni cati on equi pnent (366)
El ectroni c conponents (367)
Q her electrical equipnent (3611-64, 369)
Transportation equi pment (37)
Mot or vehi cl es and notor vehicl es equi pnent (371)
Q her transportation equi pnent (373-75, 379)
Aircraft and missiles (372, 376)°

2 Executive OFfice of the President (1987).

3 Until 1984, tobacco products (SIC 21) was included with
"ot her manufacturing industries".

* The classification of "Industrial chemicals" was revised
to include SIC G oup 286, Industrial organic chem cals.

® See footnote nunber 4.

6 Conpanies primarily engaged in the nmanufacture of ordnance
and accessories, including conplete guided mssiles, are grouped
with conpanies primarily engaged in the manufacture of aircraft
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Prof essional and scientific instrunents (38)
Scientific and nmechani cal neasuring instrunents (381-
82)
Optical, surgical, photographic, and other
instrunents (383-87)
Q her manufacturing industries’--printing and
publ i shing (27), |eather products (31), and
m scel | aneous manuf acturing industries (39)
Nonmanuf acturing industries--forestry (08); mning (10-
12, 14); construction (15-17); transportation,
comuni cations, electric, gas, and sanitary
servi ces (40-49); wholesale and retail trade (50-59);
fi nance, i nsurance, and real estate (60-67); personal and
busi ness services (72-73); health services (806-07);
and engi neering, accounting, research, nmanagenent,
and rel ated services (87)

Classification of reporting units--The conpany or corporate
famly that includes all establishnent under conmon ownership or
control is the basic reporting unit. Al R&D expenditures and
scientists and engi neers of each conpany are classified into a
single SIC code and size-category.

and parts because of the close simlarity of their R&D
activities.

" See footnote nunber 3.
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APPENDI X 2
Met hodol ogy of Survey for 1976-87 Survey Years

[ Excerpt from NSF(1981, 1984). ]
1976-81 Survey Years

The sanpl e used for the 1976-1981 Surveys of |ndustri al
Research and Devel opnent represented all manufacturing industries
and t hose nonmanufacturing industries known, on the basis of
earlier, nore detail ed sanples, to conduct or to finance research
and devel opnent. The sanpling unit for the survey was the
conpany, defined as a busi ness organi zati on consisting of one or
nore establishnments under common ownership or control. A new
panel for the R&D survey is selected approximately every five
years. The | atest panel was selected for the 1976 survey, the
first since the 1971 survey. Approximately 11,500 manufacturi ng
and nonmanuf acturing conpanies are included in the current
sanpl e, which consists of about 4,500 certainty conpanies (those
with 100 percent chance of inclusion in the panel) and about
7,000 noncertainty conpani es.

The basic tool for the survey is Form RD-1, which seeks
detailed R& information fromrespondents. Conpanies in the new
panel which had received an RD-1 formin the old panel (1971-75)
once again received an RD-1 formin 1976 (about 1,100 conpani es).
The remai ning certainty and noncertainty conpanies in the new
panel received an RD-2 survey form in 1976. FormRD-2 is an
abbrevi ated version of RD-1 and is only nmailed to conpanies in
the year in which a new sanple is drawn. The purpose of form RD
2 is to canvass smaller R& perfornmers wth a m ni nrum of
reporting burden. Once the RD-2 forns fromthe survey
respondents in 1976 were received and tabul ated, they were
reviewed for size. Those RD-2 conpanies which reported R&
expendi tures of $500,000 or greater were converted to Form RD-1
reporters and were included with other RD-1 conpanies in the
1977-79 surveys. There were about 450 such conpanies. The
remai ni ng RD-2 conpani es were not mailed another form Census
estimated their data based upon their 1976 report.

Al l manufacturing and sel ected nonmanuf act uri ng conpani es
(itn SIC s 40, 7391-92, 7399, and 8911) with 1,000 or nore
enpl oyees were included in the sanple certainty. Manufacturing
and sel ect ed nonmanuf acturi ng conpanies with fewer than 1,000
enpl oyees were sanpled at rates dependi ng upon their industry and
enpl oynent size. The source of this sanple was the 1974 Standard
Statistical Establishnent List (SSEL). For 1976, the SSEL was
used for the first time as a source for the R& sanple. For

! [The RD-2 form becane the RD-1A formfor the 1981 panel.]
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ot her nonmanuf acturing industries, the sanple was based on the
1966 records of the Social Security Adm nistration.

Each year the Census Bureau reviews the annual lists of R&
contractors published by the Departnent of Defense (DOD) and
Nat i onal Aeronautics and Space Adm nistration (NASA) to ensure
that the large contractors are included in the sanple. For the
1979 survey, the R&D perform ng manufacturing conpanies fromthe
50 | argest NASA contractors were included in the reporting panel
Wth certainty.

1981-87 Survey Years

The sanpl e used for the 1981 Survey of Industrial Research
and Devel opnent represents all manufacturing industries and those
nonmanuf acturing i ndustries known-on the basis of earlier, nore
detai |l ed sanpl es-to conduct or to finance research and
devel opnent. The sanpling unit for the survey was the conpany,
defined as a busi ness organi zati on consi sting of one or nore
est abl i shnments under common ownership or control. A new panel
for the R&D survey is selected approximately every five years.
The newest sanple was selected for the 1981 survey (the first
since the 1976 survey). Approximtely 11,500 nmanufacturing and
nonmanuf acturi ng conpani es are included in the current sanple,
whi ch consi sts of about 4,500 certainty conpanies (those with
100- percent chance of inclusion in the panel) and about 7,000
noncertai nty conpani es.

The basic tool for the survey is formRD-1, which is used to
collect detailed R& information. Conpanies in the new panel
that received an RD-1 formin the old panel once again received
an RD-1 formin 1981 (about 1,200 conpanies). The remaining
certainty (about 3,300) conpani es and noncertai nty conpanies
(about 7,000) in the new panel received RD 1A survey forns for
1981. Form RD-1A is an abbreviated version of RD-1 and is only
mai l ed to conpanies in the year in which a new sanple is drawn.
The purpose of formRD-1A is to canvass snmaller R&D perforners
with a mninmumof reporting burden. Once the RD- 1A fornms were
received and tabul ated fromthe survey respondents in 1981, they
were reviewed for total R&D expenditures. Those conpani es which
reported R&D expenditures exceedi ng $1, 000,000 on the RD- 1A form
were added to the survey panel consisting of those firns that
receive the RD-1 formannually. There were about 575 such
conpanies in 1981. The renmai ni ng RD-1A conpani es are not mail ed
anot her form but, in subsequent years, data for themare
estimated by Census based upon their 1981 reports.

The universal franme fromwhich the | atest sanple panel was
sel ected was created fromtwo sources-the 1981 Standard
Statistical Establishnment List (SSEL) for single units and the
1981 Enterprise Statistics Miulti-establishnent file.
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There are about 3.5 to 4 mllion singleunit firnms in the
1981 SSEL file (including nonmanufacturing firns). There are 5.6
mllion nmulti-establishnment conpanies in the 1981 Enterprise
file, of which 296, 146 conpani es have identified thensel ves as
engaged primarily in manufacturing. Al manufacturing industries
and sel ected nonmanufacturing industries (SIC s 49, 7391, 7392,
7399, and 8911) were considered within the scope of the survey.

Conpanies in these industries wth 500 or nore enpl oyees
were included in the panel with certainty. For the conpanies
with fewer than 500 enpl oyees, a neasure of size was assigned to
each conpany based on an estimate of its total R&D expenditures.
Probabilities of selection were then assigned based on the
measure of size. Finally, a sanple selection process gave each
conpany an i ndependent chance of being included in the sanple.

Each year Census reviews the annual l|ists of R&D contractors
publ i shed by the Departnent of Defense (DOD) and the Nati onal
Aeronautics and Space Adm nistration (NASA) to ensure that the
| arge contractors are included in the sanple. For the 1981
survey, the R&D perform ng manufacturing conpanies fromthe
| argest DOD and NASA contractors were included in the reporting
panel with certainty.
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APPENDI X 3
Met hodol ogy of Survey for 1987-present Survey Years

[ Excerpt from NSF(1989). ]

- The annual Survey of Industrial Research and Devel opnent has
been conducted for NSF by Census for the past 30 years.

- Al conpanies, both foreign and donestic, that performR& in
the United States are included or represented.

- Al conpanies that annually spend nore than $1 mllion on R&D
inthe United States receive a survey formevery year.

- Privately held conpanies are included.

- Respondents are provided detailed definitions to guide them on
whi ch expenses to include or exclude fromthe data they provide.

- Census staff conduct the survey under Title 13 of the U S. code
whi ch prohibits publication or rel ease of data that may revea
i nformati on about i ndividual conpanies.

- It is a conpany-rather than an establishnent-based survey.
Therefore, all R&D data for each conpany are placed with the
maj or Standard I ndustrial Cassification (SIC) code of the firm
for all tables, except those showi ng R& expenditures by product
field.

| nt roducti on

NSF first sponsored a survey of industrial R& in 1953.
Since then, the scope of the survey has gradually been expanded
and refined in response to an increasing need for nore detail ed
information on the Nation's R&D effort.

The 1987 survey of industrial R& is the 31st in the annual
series sponsored by NSF and conducted by Census, Departnent of
Commerce. Industry Studies Goup staff of NSF s Division of
Sci ence Resources Studies nonitors the survey.

The primary focus of these data-gathering efforts is on U S
industry as a perforner of, rather than as a source of funds for,
R&D. Thus, data on Federal support of R&D activities perforned
by industry are collected, but data on industry support of R&D
undertaken at coll eges and universities and other nonprofit
organi zations are not collected.* They are, however, included

! Data on industry funding of R& perforned at universities
and colleges are collected in the Annual Survey of Scientific and
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with the total amount of R&D funds contracted to outside
or gani zati ons.

The statistics are subject to response and concept errors
caused by different respondent interpretations of the definitions
of R&D activities provided in the survey instructions and by
variations in conpany accounting procedures. Consequently, the
data are better indicators of changes in, rather than absol ute
| evel s of, R&D spendi ng and personnel .

Data quality has inproved substantially since the first
i ndustry R&D survey was undertaken, nmainly as a result of
respondents' adoption of nore accurate and sophisticated
accounting procedures. |In addition, NSF and Census staff have
endeavored to reduce response and concept errors arising from
difficulties in interpreting or applying survey definitions.

NSF staff are aware of the increased reporting burden placed
on industry fromall sources in recent years. To reduce this
burden, the detail ed questionnaire, which has been in use with
slight nodifications since the beginning of the survey, is now
mai l ed only biennially, in odd-nunbered years; abbreviated forns
containing only the nost crucial data elenents are sent to survey
respondents in the intervening, even-nunbered years. The
shortened survey formwas used for the first time to collect
i ndustrial R&D data for 1978.

Met hodol ogy of Survey?

The data avail able are based on a probability sanple,
selected and first used for survey year 1987. The universe from
whi ch the probability sanple, or "panel", was drawn includes
conpanies in all manufacturing industries and a sel ect nunber of
nonmanuf acturing i ndustries known, on the basis of earlier
sanples, to conduct R&D. The sanpling unit for this survey is
t he conpany, defined as a busi ness organi zation consisting of one
or nore establishnments under common ownership or control.

The Standard Statistical Establishnment List (SSEL), which
contains information on 3.5 to 4.0 mllion establishnments (that
are either entire conpanies or parts of conpanies) was the
uni verse frame used to select the 1987 panel. Establishnent-
| evel data were summed, if necessary, to the conpany-level, and
Census staff assigned a single SIC code-the SIC code of the

Engi neeri ng Expenditures at Universities and Coll eges. More

i nformati on about this survey is available fromthe Universities
and Col |l eges Studies G oup of NSF's Division of Science Resources
St udi es.

2 This section was prepared in the Industry Division of the
Bureau of the Census.
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establ i shnment (s) having the highest dollar-value of payroll-to
each conpany.

Several innovations were introduced into this nost recent
sanpl e design to inprove the quality of the sanple vis-a-vis
earlier sanple designs. (The previous panel was sel ected and
first used for the 1981 survey and was al so used i n subsequent
annual surveys until 1987).

Frane Creation

Fromthe outset in the | atest sanple selection, the major
goal was to elimnate fromthe frane, to the greatest extent
possi bl e, conpanies unlikely to have R& prograns. This would
m nimze the nunber of sanpled conpanies w thout R&D activity.
To acconplish this objective, two steps were taken:

1. NSF staff narrowed the list of "in scope" nonmanufacturing
i ndustries by elimnating those known to have a little or no
R&D activity. Thus, conpanies in the elimnated
nonmanuf acturing i ndustries had no chance of being sel ected.
Thi s gave conpanies in the remai ning nonmanufacturing or in
manuf acturing industries a greater probability of selection
(than in past sanple selections).

2. Addi ti onal conpani es--even sone in "in-scope" industries--
were elimnated fromthe universe franme because they had
fewer than a specified nunber of enployees. An assunption
was made that conpanies with only a small nunber of
enpl oyees in sone (for the nost part nonmanufacturing)

i ndustries are unlikely to have R& activity. Those
conpanies were elimnated fromthe franme. NSF staff
provi ded an enpl oynent cutoff for each industry group.

In another effort to inprove coverage of R&D perform ng
conpani es, NSF staff provided nanes of firns that were to be
included in the sanple with certainty. Mst of these conpanies
woul d have recei ved questionnaires anyway because they net other
established criteria; the few that did not were added to the
panel .

In addition, Census staff reviewed lists of R& contractors
publ i shed by the Departnent of Defense (DOD) and the Nati onal
Aeronautics and Space Adm nistration (NASA) to ensure that al
| arge industrial DOD and NASA R&D-perform ng contractors were
included in the panel with certainty. Further, all conpanies
with nore than 500 enpl oyees in "in-scope" industries were
sanpled with certainty.

Al'l certainty conpanies-on lists provided by NSF staff, on
lists of DOD and NASA contractors, conpanies with nore than 500
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enpl oyees, and previ ous panel nenbers-are self-representing,
i.e., they have sanpling weight of unity (1.00).

Based on (1) SIC code, (2) total enploynent cutoffs, (3)
i nclusion on an NSF, DOD, or NASA |list, or (4) previous panel
menber shi p, approxi mately 154,000 conpanies were identified as
"in scope" of the survey and therefore were included in the
sanpling frame. The effect of the new efforts ained at inproving
coverage is denonstrated by a sharp reduction in the size of the
total universe; it dropped from about 450,000 conpanies in the
1981 sanpling frame to 154, 000 conpanies in the | atest operation.

It is likely that a small nunber of conpanies actually
engaged in R&D activity were omtted fromthe frane as a result
of these first-tinme sanple selection operations. It was agreed,
however, that the benefit derived fromthe new operations-greater
sanpling efficiency resulting in inproved national estinates of
R&D expendi tures and enpl oynent-far outwei ghed the cost.

Probability Proportionate to Size

As with nost types of econom c surveys, the sanple selection
process for the industrial R&D survey used probabilities

proportionate to size (pps). That is, "large" conpanies have a
proportionately higher probability of selection than do "small™"
conpani es, where large or small is neasured relative to the

statistic being estimted.

For the R&D survey, size should be determ ned by the anount
of a conpany's R&D expenditures. Unfortunately, except for the
portion of the universe frane that was in the current panel, it
was i npossi ble to know what these R&D expenditure val ues were.
One | ogical solution was to inpute each conpani es R&D
expendi tures and base the probability of selection on these
i nputed val ues. (The sane strategy was enployed in the 1981
sanpl i ng operation).

Each conpany was assigned a probability of selection, based
on the size of its estimted R&D expenditures. The size of each
conpany's R&D expenditures was esti mated by Census using a
relationship linking the size of its R& expenditures to its
enpl oyment .® This relationship was devel oped for each SIC from
data collected in the then nost recent (1985) R&D survey. Thus,
within each SIC, the |arger the nunber of enployees, the higher
the probability of selection for inclusion in the sanple.

Clearly, this strategy has sone weaknesses. Even with
refinement of the universe frame, as described in the foregoing
par agraph, a | arge nunber of conpanies on the frame have no R&D

3 Since conpany enploynent was known for the universe, it
was possible to use this relationship to inpute R&D expenditures
val ues for all conpanies in the frane.
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activity. But this procedure treated all conpanies as if they
do. Although they m ght not have been assigned the npst
appropriate neasure of size and, hence, probability of selection,
it is reasonable to assune that |arge conpanies are nore |ikely
to have R&D prograns than small conpanies (thus giving | arge
conpani es greater probability of selection) rather than to treat
all conpanies equally. An additional consequence of this
assunption is discussed |ater.

One further adjustnent was applied that was not nmade in
previ ous sanple selections. This was based on the assunption
that nulti-establishnent conpanies of a given size and in a given
i ndustry woul d on average be expected to have nore R& activity
than a singl e-establishnent conpany of the sane size and in the
sane industry. Once again, 1985 panel data were used to devel op
this adjustnent factor. Finally, it should be noted that for
conpanies in the previous panel, their actual reported R&D
activity was used in lieu of an inputed value and was unadj ust ed.

Sanpl e Allocation and Rel ative Standard Error Constraints

The sanpling programutilized for this operation allowed
paraneters to be assigned permtting the sanple to be all ocated
across various levels or strata that correspond to industry
groupings. This procedure permtted a desired sanple size or a
desired sanpling error to be achieved for each strata. Estinated
errors of total R&D estimates for these strata were not to exceed
certain levels. The only constraint in achieving these results
was that the total sanple size across all the strata coul d not
exceed 12, 000-13,000 conpanies. (The amount of funds provi ded by
NSF determ ned the size of the sanple to be drawn). NSF staff
provi ded relative rankings for each industry group-high, nedium
or lowto determ ne the precision of the estimate. An actual
translation to what high, nedium or |ow neant specifically could
not be determ ned until Census Staff arbitrarily investigated
several sanpling error |evels, conputed what sanple size these
| evels inplied, and applied the constraint of the total sanple
size of 13,000. The result of this investigation led to the
followng criteria:

a. Hi gh preci sion: sanpling error not to exceed 2%
b. Medi um pr eci si on: sanpling error not to exceed 5%
C. Low preci sion: sanpling error not to exceed 10%

Based on the desired precision these criteria suggested a total
sanpl e size of approximately 13,500. This nunber was not
excessively beyond the stated limt of 13,000, so this was the
sanpl e size paraneter decided on for the selection process.

One [imtation should be noted. Sanpling errors were
controlled using a universe total that in large part was
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i nprovised; that is and as noted above, an R&D val ue was assi gned
to every franme record, although in reality many conpanies in the
sanpling frame have no R&D expenditures. The val ue was an

i nputed value for the great majority of conpanies in the frane.
As a consequence, the estinmated universe and the distribution of

i ndi vi dual conpany values bore little resenblance to reality.

Esti mates of sanpling variability were neverthel ess based on this
distribution. The presunption was-and this had been confirned in
the previous sanple selection-that actual variation would be | ess
than that estinated because so nmany of the sanpl ed conpani es have
true R&D val ues of zero, not the widely varying values that were
i nputed. Thus, the 2 percent, 5 percent, and 10 percent error

| evel s descri bed above are conservative.

The particul ar sanple selected is one of a | arge nunber of
sanpl es of the sane type and size that, by chance, m ght have
been selected. Estimates fromeach of the different sanples
woul d di ffer sonewhat from each other and fromthe results of a
conpl ete canvass conducted under essentially the same conditions
as the survey.

In addition to sanpling error, the estimtes are subject to
nonsanpling error that would also occur if a conplete canvas were
to be conducted under the sane conditions.

Sanpl e Sel ecti on

The sanpl e selection programwas run with a specified sanple
size (expected) of 13,500 and with other paranmeters set to assure
conpliance with the relative standard error constraints. An
actual sanple of 13,917 was selected. There are two reasons why
the actual sanple size differs fromthe specified

First, the program uses independent sanpling. Each conpany
had an i ndependent chance of selection based on its assigned
probability; the selection (or nonsel ection) of a conpany was
conpl etely independent of the selection of any other conpany.

I n i ndependent sanpling, sanple size is itself a random
vari able. Theoretically, a sanple of size 0 or a sanple the size
of the entire universe is possible, but the probabilities of
these extrenmes are so small that these are nearly inpossible
situations. The actual sanple size is usually quite close to the
specified size. |If there is too nmuch deviation, the programis
sinply executed agai n.

Second, a mninmm probability rule was inposed. As noted
earlier, the sanpling program assigns probabilities proportionate
to size (where size in this case is the inputed R& val ue
assi gned each conpany). Sel ected conpanies that are vastly
| arger than their assigned val ues can have adverse effects on the
estimates once the data are collected. To |essen these effects,

t he maxi num wei ght a conpany can assune was arbitrarily
controll ed by specifying that the probability of selection cannot
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be less than a certain value. |[|f the probability based on it
size is less than this mninumvalue, then it is set equal to
this value. The consequence of raising these original
probabilities to the m ninum probability is to raise the expected
sanple size. It is likely that nost of the difference between
the specified sanple size and the actual sanple size is due to
this rule.

The Annual Panel

A panel is a group of conpanies that receive a survey
gquestionnaire, the RD-1, annually. The following is a
description of how the new panel was forned fromthe sanple.

The basic tool for the survey is formRD-1, which is used to
collect detailed R& information. Conpanies in the new sanple
that were in the old panel and had received a 1986 RD-1 form
(1, 095 conpani es) once again received an RD-1 formfor 1987. The
remai ning certainty (6,903) and noncertainty (5,919) conpanies in
t he new sanple received an RD- 1A survey fornf for 1987. Form RD-
1A is an abbreviated version of RD-1 and is generally mailed to
conpanies only in the year in which a new sanple is drawn. The
purpose is to canvass, with a m ninmum of reporting burden,
smal | er R&D perforners.

O the 13,917 conpanies that received a form 3,793
respondents reported that their conpani es had R&D expenditures.
The 3,793 conpani es were ranked by total R&D (both conpani es' own
and Federal) funds within each SIC code. All conpanies with over
$1 million in total R&D expenditures were placed on the RD-1
panel. | n some industries, conpanies with less than $1 mllion
in R&D expenditures were al so added to the panel to ensure 95
percent coverage of the R& total for each industry. Al
conpanies in the panel will receive the RD-1 questionnaire
annual ly until the next sanple is drawmn. The other RD 1A
conpanies (wWth Iess than $1 million in R&D expenditures) wll
not receive another questionnaire; their data will be estimted,
using their 1987 reports, in subsequent years by Census staff.

The RD-1 panel increased from 1,095 conpanies in 1987 to
1,795 conpanies in 1988. A few conpanies report by establishnment
on nore than one form Accounting for nultiple reports from
conpani es, the nunber of mailing units increased from1, 252 to
1,946 for 1988.

4 See appendix 5 for a sanple of the RD-1 and RD- 1A survey
forns.
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Tabl e A-2° contains information, by industry, on the nunber
of conpanies in the sanple having R& expenditures and the
conposition of the 1988 RD-1 annual survey panel.

The survey questionnaires were mailed in January 1988, and
nonr espondents received followup letters by mail. Since total
R&D expendi tures, Federal R&D funds, net sales, and enpl oynent
are included in Census' mandatory statistical program form MA-
121s, which are used to collect these nandatory itens, were
mai l ed to the few conpanies that had not returned formRD-1 for
1987. When conpanies fail to provide the requested information,
the mssing data are estimated by using industry averages and
several different nethodol ogies that rely on data provided in
earlier years.

> See NSF (1989) for table A-2 which shows the nunber of
conpanies in the R&D expenditures universe, sanple and panel.
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APPENDI X 4
Conparability of Data Over Tine

[ Excerpt from NSF(1989). This excerpt describes how the
published data is generated over tinme. |t provides sone useful
information on the firmlevel data.]

Several procedures are undertaken to naintain the reliability of
the industry R& [ published] tine series:

Two- Year Conparability

Before mailing the survey forns each year, data reported by
respondents the previous year-or two years earlier for itens
asked only in odd-nunbered years-are inprinted on the
guestionnaires. Respondents are asked to adjust the data for the
previ ous year(s) as necessary to nake them conparable to data
provided for the current year. Such adjustnents are
necessitated, for exanple, by changes in reporting concepts or
changes in conpany structure. Thus, there is conparability in
data fromthe survey over any 2-year period. To maintain
consi stency, the enploynent-size classification of any conpany
af fected by such changes is adjusted so that the conpany is
tabul ated in the sanme enpl oynent-size category for two
consecutive years.

These adj ustnents can be exam ned by conparing data for the
sane year reported in tw succeeding periods, e.g., 1984 data
appearing in the 1984 edition of Research and Devel opnent in
| ndustry may differ from 1984 data in this volune. Totals for
broad classifications are likely to be very close in the two
editions; larger differences are nore noticeable in the finer
detail. These differences underscore the point that the neasures
are approxi mate and indicative rather than precise.

Hi storical Data Revi sions

The industry R&D survey data are revised periodically,
usual |y because of changes in conpany SIC classifications.
Conmpani es may shift fromone industry into another because of any
of the following: (1) the growh and/or decline of product |ines,
(2) the nmerger of two or nore conpanies, (3) the acquisition of
one conpany by another, (4) divestiture, or (5) the fornation of
conglonerates. |If Census Bureau staff are aware of the year in
whi ch changes #2, #3, #4, or #5 occurred (respondents are asked
about changes in ownership on the questionnaire), data are
reclassified in the new industry for the year the change actually
occurred. |If a change was not discovered until the selection of
a new panel or if it could not be determ ned when a shift
actually occurred (i.e., #1), other nethodol ogies were used to
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nmove a conpany out of one industry and into another. Since 1967,
three revisions in the data covering the periods 1967-76, 1976-
81, and 1981-87 were nmade to adjust data of conpanies that
changed industries. These are described bel ow.

The 1967-76 Peri od

The SIC codes assigned to conpanies in the panel for the
years 1967 through 1975 were based on data reported in the 1967
census. The 1974 SSEL file was used to assign SIC codes to
conpani es in the next panel chosen for the 1976 survey and for
revised 1975 data received in the 1976 survey. The SIC codes of
conpanies in the 1967 and 1976 panels were exam ned to determ ne
whi ch conpani es had changed classifications. Since it was not
known in which year changes actually occurred, data of conpanies
t hat had changed SIC codes were revised for the years 1968
t hrough 1974 to snooth the changes over the period 1967-76. To
illustrate, if a conpany was originally in SIC A in 1967 but was
di scovered to be in SIC B in 1974, its data for 1967-74 were
al l ocated between the two industries as follows: 1967--all of
the conpany's data was retained in industry A, 1968--14.3
percent of the conpany's data was allocated to industry B; and
the remai nder retained in industry A, 1969--28.6 percent was
allocated to industry B and the remainder retained in industry A
and so on until 1974, when all of the conpany's data was
allocated to industry B.

The 1976-81 and 1981-87 Peri ods

Simlar revisions in the industry R& data were nmade for
conpanies in the panels drawn in 1976 and 1981 used for the years
1976-80 and 1981-87, respectively, but a different nethodol ogy
was used.

When the nost recent panel (1987) was sel ected, conpanies
were assigned SIC codes fromthe SSEL File. Prior-year (1986)
data were collected in the 1987 survey.® These 1986 data were
presuned to be nore accurate than those collected in the 1986
survey because they not only refl ected updated SIC codes, but
al so were obtained froma | arger panel providing better coverage
of U S. industry. Thus data obtained for 1981-86 using the panel
selected in 1981 were revised subject to the foll ow ng
constraints:

®[Inthe RGD files at CES a file exists for both the 1986
data collected in 1986 and the 1986 data collected in 1987. The
set of firns is different between the two files. The first 1986
file represents the 1981 sanple. The next 1986 file reflects the
firms surveyed in the 1987 survey. ]

54



1. Data for 1981 (revised fromthe 1982 survey) woul d
remai n unchanged since this was the first year the 1981
panel was used and that panel was an accurate
reflection of conpany SIC codes in that year.

2. Data from 1986 collected in the 1987 survey woul d be
used instead of the 1986 data collected in the 1986
survey.

An algorithmwas used to link data from 1981 with those
collected in 1987, preserving, to the greatest extent possible,
year-to-year trends in data for each industry by revising data
for the years 1982, 1983, 1984, and 1985. |Interested persons
shoul d contact the Census Bureau to obtain further information
about the construction and content of the al gorithm

The follow ng data el enents were adjusted using the
met hodol ogi es just described: Funds spent on R&D (total,
Federal , and conpani es' own); nunber of FTE R&D scientists and
engi neers; total and conpany R&D funds as a percent of new sal es;
cost per R&D scientist or engineer; and basic research
expenditures. No adjustnents were nmade in other data el enents.
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APPENDI X 5
RD-1 Short and Long Form and RD-1A Form
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APPENDI X 6
Conparison of R& Totals in the NSF R&D Survey and in the
Econom ¢ Censuses Auxiliary Establishnment Survey

This report conpares the research and devel opnent data (R&D)
collected in tw surveys: the National Science Foundation Survey
of Industrial Research and Devel opnent (NSF), and the survey in
t he Econom ¢ Censuses series, the Auxiliary Establishnment Report
(ES-9200). Both surveys ask for total expenditures on R&D in the
survey year. The two years conpared are 1982 and 1987.

I nformati on gai ned from conparing these two datasets is
limted if one is using it to verify R& total expenditures
across the surveys. By looking at the survey publications two
mai n probl ens which affect the conpari son becone apparent: (1)
the unit of analysis does not match for the two surveys and (2)
the information requested varies to a degree. The conparison for
nmost firnms adds very little to verifying R& total expenditures.
However, if the goal in linking the data is to assenble a
dat abase of all establishnents of firns performng R&D, for
i nstance, than these two surveys used in conjunction provide
useful information. These data are also useful in providing the
| ocation of some R&D activity. |In addition for 1987 both
dat asets contain nane and address information which helps in
verifying matches across the two datasets. The present report
limts the analysis to a direct conparison of the total R&D
expendi tures across the two surveys.

The Organi zational Unit Surveyed

The first consideration when conparing these two datasets is
t he organi zational unit surveyed. NSF surveys a firm (conpany or
enterprise) which is defined as a "business organi zati on
consi sting of one or nore establishnments under conmon ownership
or control." In the Economc Censuses the unit of analysis is an
auxiliary establishnment of a firm An auxiliary establishnent is
"an establishnment primarily engaged in perform ng nmanagenent,
supervi sion, general adm nistrative functions, and supporting
services for other establishnments of the sane enterprise.” An
establi shment such as an R&D | aboratory whose principal activity
is research and devel opnent is an auxiliary establishnent.

The Econom ¢ Censuses unit is a subset of the NSF unit.
Thi s beconmes cl ear when matching the data across these two
surveys. Oten, several observations in the Econom c Censuses
survey link with one firmin the NSF survey.' This neans that

W linked the two datasets by matching nuneric firm
identifiers or alpha codes. W only |linked establishnents in the
NSF file that are nulti-establishnment firnms because by definition
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sone firns have nore than one auxiliary establishnent. These
auxiliary establishnents nmay or may not perform R&D.

Tabl e A-1 shows the total nunber of firns and establishnents
that match between the two datasets for 1982 and 1987. The ES-
9200 survey contains many nore observations than the NSF survey.
When the datasets are matched about 55 percent of the NSF firns
match to around 35 percent of the ES-9200 establishnents in both
years.? Fromthis set, another dataset is produced that contains
firmse with auxiliary establishnents that performR&D. This cuts
the total nunber of firnms in the set in half to 701 and 652 firns
for 1982 and 1987, respectively. A subset of the ES- 9200
establishments is establishnents whose principal activity is
research, devel opnent, and testing or R&D | aboratories (ltem 7 on
the survey form. For 1982 and 1987 there are 829 and 852,
respectively, R&D | abs.?

Definition of Research and Devel opnent Expenditures

The other |arge difference between these surveys is the
i nstructions about what is to be included in total R&D
expenditures. Both ask for "costs incurred for R&D." The NSF
survey in addition to the question on the survey form al so
provi des further explanation of what expenditures to include or
exclude in an instruction manual acconpanying the survey form
The Econom ¢ Censuses survey provides no additional instructions.

The | ack of nore defined R&D expenditures in the ES-9200
survey may | ead to expenditures being included (excluded) which
are included (excluded) in the NSF survey. For instance, NSF
explicitly instructs respondents to exclude capital expenditures
whereas no such instructions are given on the ES-9200 form This
probl em woul d appear when a firmdoes all of its R& in auxiliary
establishments and the totals do not match between the two
surveys. *

the auxiliary establishnents in the Econom c Censuses files are
frommulti-establishnment firns.

2 Some auxiliary establishnents perform ng R&D nmay not match
to an NSF firm because the firmis not selected to the NSF sanpl e
in that particular year

® The Auxiliary Establishnment Report reports 1086 and 1167
establishments in 1982 and 1987, respectively, that report
research, devel opnent and testing as their principal activity .

“ The totals are nore likely to match when the same person
inafirmfills out both forns.
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Conparing Total R&D Expenditures

First | conpare the universe of both datasets. As shown in
table A-1, $59 and $96 million dollars were spent on R& in the
U.S. in 1982 and 1987, respectively.® R&D taking place in
auxiliary establishnents represents 27 and 21 percent of this
total, respectively. About 17 and 13 percent of the total takes
place in R&D | aboratories. The ES-9200 represents a good portion
of total U S. R&D.

Those NSF firnms that matched to firnms in the ES 9200
represent 34 and 29 percent of the total R& in 1982 and 1987,
respectively. To get a better idea of how these two sets conpare
at the firmlevel | calculate nean R& expenditures for the NSF
firms and the ES-9200 data aggregated to the firmlevel.® For
the average firmthe proportion represented by the ES-9200 firm
remai ns the sane as the figures derived fromthe totals.

For the matched observati ons across the NSF and ES- 9200
surveys, the R& |l ab total decreases from829 to 743 in 1982 and
from852 to 706 in 1987. As explained in footnote 2 this may be
due to firnms with | abs not being included in the NSF sanple. The

lab total is reduced again when | limt the set to NSF firnms with
auxiliary establishnments that performR&D. This indicates that
sone R&D | abs report no R&D expenditures. | have no expl anation

for this situation.

The linking of these two datasets provides limted
information that would inprove the data in the NSF survey. It
does provide information about where sonme firns performtheir R&D
activity. Ohers may find additional applications. For this
report | find that the match fails to add significant insight
into total R&D expenditures.

5 NSF(1989, 1984).

® To conpare the R& total expenditures all establishnent
data fromthe ES-9200 is sunmed to a single record for each firm
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TABLE A-1
Conparison of R&D Data fromthe NSF Survey and the Econom c

Censuses' Auxiliary Establishnment Survey.
1982 1987
NSF! ES- 9200 NSF* ES- 9200
Al'l Observati ons:
Total Observations 2387 35986 2594 38236
Nunmber of R&D Labs NA 829 NA 852
Tot al R&D? $58, 960° $16, 132 $96, 305° $19, 759
Percent of NSF R&D 27% 21%
Total R&D for Labs? $10, 256 $12, 532
Percent of NSF R&D 17% 13%
Mat ched Qbservations Across NSF and ES-9200 Surveys:
Nunber that match 1313 13674 1443 12839
Percent of Tot al 55% 38% 56% 34%
Qobservati ons
Nunmber of R&D Labs 743 706
NSF Firms with Auxiliary Establishnments that perform R&D:
Nunber 701 11766 652 10068
Nunmber of R&D Labs 673 544
Tot al R&D? $46, 356 $15, 737 $67, 276 $19, 309
Percent of NSF R&D 34% 29%
Percent of Tot al 79% 98% 70% 98%
Qobservati ons
Mean R&D (per firm $66 $22 $103 $30
Percent of NSF R&D 34% 29%

1 Only nulti-establishnent firnms are included here.

2 Al

dollar figures are in mllions.
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3 This total includes all R&D perfornmed at single and nmulti -
establishnment firns. This nunber conmes fromthe NSF R&D
publ i cati on.
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